As the useful time-frequency tool, the Fractional Fourier Transform (FRFT) and the Short Time Fourier Transform (STFT) have a great development of signal recognition. And the Reduced Fractional Fourier Transform (RFRFT) was recently proposed and has been used in the recognition and estimation of chirp signals. A new method based on STFT and RFRFT is presented for radar signals modulation recognition. Compared with the old method, the new method reduces calculation and become more agile. It can provide a higher recognition rate when SNR is larger than 0 db. This method is divided into two steps: firstly, according to the envelope curve of rotation angle α domain of radar signals, by judging if the curve peak corresponding fractional order is 1, we can divided signals into two categories; secondly, we use the curve kurtosis to recognize LFM and NLFM; Then by the STFT spectrum peak number we can recognize BFSK and BPSK.
Introduction
Modulation recognition is on the premise that we know the modulation types set of signals, and then find the correct modulation type of the input signal. In recent years, the modulation types of radar signal is become more and more, so research the modulation recognition technology with stronger adaptability is more important for us.
In the field of signal modulation recognition, A. K. Nandi and E. E. Azzouz [1, 2] proposed a method based on instantaneous frequency, instantaneous amplitude and instantaneous phase has made remarkable contribution to signal recognition, and part of this algorithm is still used now. There are also other recognition algorithms, such as Kawalec. A, Owczarek. R [3] instantaneous autocorrelation algorithm, K. C. Ho, W. P. Rokopiw and Y. T. Chan [4] wavelet transform algorithm. These methods all used a variety of characteristic parameters to signals modulation recognition, which made complicated calculation and low efficiency. Some new methods are presented recently, such as literature [5] , but its feature vector contains amplitude parameter, which is not suitable for been used as characteristic parameter.
This paper put forward a new method based on STFT and RFRFT for radar signals modulation recognition. FRFT is a kind of unified time-frequency transform in essence, not only reflects the signal information in time domain and frequency domain at the same time, but also without the cross terms. Compared with the traditional Fourier transform, it is very suitable for nonstationary signal processing. By a free parameter (transform order p), it can show the spectrum information of signal from time domain to frequency domain successively [6] . And literature [7] proposed the Reduced Fractional Fourier Transform (RFRFT) which can reduce calculation. Although RFRFT will influence the calculation of the modulus value, it will only make the whole modulus value bigger or smaller, and will not affect the location of modulus maximum value. So it will not affect the results of signal recognition. This new method is divided into two steps: firstly, according to the envelope curve of rotation angle α domain of radar signals, by judging if the curve peak corresponding fractional order is 1, we can divided signals into two categories, NLFM/LFM and BFSK/BPSK; secondly, according to the curve kurtosis to recognize LFM and NLFM, because RFRFT of LFM can make energy concentration well, so the curve kurtosis of LFM is bigger than NLFM; Then according to the number of STFT spectrum peaks to recognize BFSK and BPSK, because BFSK has two peaks while BPSK only has one peak. This paper is organized as follows. Section 2 mainly introduces the basic principle, including brief introduction of FRFR, RFRFT and STFT. Section 3 presents detailed recognition process and the simulation results. Algorithm performance analysis is also given in Section 3. Section 4 concludes the paper.
The Basic Principle

Fractional Fourier Transform
In the field of modulation recognition, the traditional Fourier transform is the most widely used tool. Fourier transform is a linear operator, which can be interpreted as counter-clockwise rotation by an angle π/2 from the time domain to frequency domain. Similarly, the fractional Fourier transform operator is interpreted as counter-clockwise rotation by an arbitrary angle, therefore we can get new representation of the signal which means more information [6] .
The FRFT (p order) of signal x(t) is defined as follows:
And the transformation kernel
where k is integer, α = pπ/2 is the rotation angle, p is the order of FRFT.
Obviously, when p = 0, the FRFT of x(t) is primitive function; When p = 1, the FRFT of x(t) is degenerated into ordinary Fourier transform; Along with the order p from 0 grow to 1 smoothly, the fractional Fourier transform changes successively from primitive function to the ordinary Fourier transform. Compared with the ordinary Fourier transform, the fractional Fourier transform has a free parameter p . Therefore the FRFT of signal can get some unexpected effect than the ordinary Fourier transform in certain conditions, but also because it has the fast discrete algorithm, so it can get the better effect without larger calculation. Thus it can be seen that fractional Fourier transform can keep the original properties and characteristics of traditional Fourier transform and add its own advantages. That is to say, the fractional Fourier transform is a generalization of the classical Fourier transform [6] .
When α ̸ = pπ/2, the computation of the fractional Fourier transform corresponds to the following steps:
2) A Fourier transform (with its argument scaled by cscα)
3) Another product by a chirp
4) A product by a complex amplitude factor
Reduced Fractional Fourier Transform
In the calculating process of FRFT as (3)∼(6), its third and fourth steps have ensured the properties of rotation addition and norm invariance of FRFT respectively. They have important application in the research field of differential equation and optics. However, they don't affect the maximum value searching and 2-D spectrum peak searching, so they are actually inessential in signal recognition. Considering the step 3 will not have the influence to the amplitude of FRFT, and step 4 although will influence the calculation of the amplitude, it will only make the whole amplitude bigger or smaller, so it will not affect the location of amplitude maximum value. If we omitted the latter two steps in order to reduce the computation, we can get the Reduced Fractional Fourier Transform (RFRFT) [7] . Defining as follow:
Compared with the FRFT, RFRFT omitted two steps which make the calculation to be reduced. 
Short Time Fourier Transform
Short time Fourier transform [9] is a time-frequency analysis method which has been used commonly in signal processing. It shows characteristics of signal at one instant by one sequence of signal in time window. So STFT is a time-frequency localization method, which can be interpreted as: the signal is divided into many small time interval, and then analysis each time interval by Fourier transform in order to determine the existent frequency of every time interval. STFT of signal x(t) is defined as:
where g(t) is window function, engineering takes rectangular window for the convenience in general, it makes STFT has the local characteristic, and it is time function, but also is frequency function. For a given time t, F x (t, f ) can be regarded as the spectrum at t, namely "local spectrum".
Recognition Process and Simulation
Recognition of LFM/NLFM and BFSK/BPSK
By (1) we know that X p (u) can be regarded as x(t) spread in function space based on the transformation kernel K p (t, m), and the kernel is a set of orthogonal chirp-base in fractional domain.
LFM will represent as an impulse function in an appropriate fractional domain, namely LFM has a very good energy gathered characteristic in one fractional domain. Other signals will also gather in one appropriate fractional domain. So we can distinguish signals by different domains.
The simulation parameters set as: sampling rate is 100 MHz, sampling time are 10.23us, amplitude is 1, for LFM,
a 0 = 0, a 1 = 8 * 10 6 Hz, a 2 = 1.4 * 10 12 Hz/s; for NLFM, 
From 2.2 we know RFRFT will reduce the computation and will not affect the results of signal recognition, so here we adopt RFRFT. From the simulation reason, it can be found that different modulation signals generated envelope curves are different in the whole fractional domain. As shown in Fig. 1 , we set order p(p = 2α/π) as the abscissa variable to get envelope curves of different modulation radar signals. The signal-to-noise ratio is 20 dB. Fig. 1 shows that the abscissa p of curve peak is different for different signals. This is because the pulse internal frequency of LFM and NLFM is changing which is controlled by modulation slope, while the pulse internal frequency of BFSK and BPSK will not change, namely they are constant frequency signal. The RFRFT amplitude of signal is time-frequency distribution function project into the vertical of axis which is counter-clockwise rotate from time axis by angle α. If the signal frequency modulation slope k and rotation angle α correspond the relation k = −cotα, namely α is matching with k, time-frequency distribution of signal is project into that fractional domain will appear a peak, when α is not matching with k, signal will transform to generalized linear frequency modulation signal, projection peak will not exist. Therefore, for the RFRFT of BFSK and BPSK, peak will appear at α = π/2 (corresponding p = 1). While for the LFM and NLFM, peak will not appear at α = π/2. So by judging if the curve peak corresponding fractional order is 1, we can divide signals into two categories, p ̸ = 1 is LFM or NLFM, p = 1 is BFSK or BPSK.
Recognition of LFM and NLFM
In probability and statistics, kurtosis is the index to reflect the sharp and flat degree of distribution curve top. Sometime two sets of data have same arithmetic mean, standard deviation and skewness coefficient, but there sharp and flat degree of distribution curve top are different. Statistics use fourth central moment to calculate kurtosis. Here we use kurtosis to measure sharp and flat degree of distribution curve top. Fig. 2 shows that kurtosis of LFM and NLFM are obviously different. LFM's curve top is sharp, so its kurtosis is bigger, while NLFM's curve top is flat, so its kurtosis is smaller. Because the transformation kernel of RFRFT is a set of orthogonal chirp-base, for LFM, RFRFT has a very good energy gathered characteristic in one fractional domain. So we can use kurtosis to recognize LFM and NLFM. That is to say, we can set a suitable threshold, signal is LFM if kurtosis is bigger than threshold, conversely. As shown in Fig. 2 , the kurtosis of the normalized domain-Envelope curve of LFM and NLFM in different SNR are obviously different.
Recognition of BFSK and BPSK
From Fig. 1 we cannot recognize BFSK and BPSK, because there peak will both appear at α = π/2(corresponding p = 1). So in this paper, we do Short Time Fourier Transform (STFT) of these two signals. Fig. 3 and Fig. 4 are the STFT spectrum diagram of BFSK and BPSK when SNR is 0 db. From Fig. 3 we can see that the STFT normalized spectrum of BFSK has two peaks, while from the Fig. 4 the STFT normalized spectrum of BPSK only has one peak. Further experiments show that we can recognize BFSK and BPSK by peak number. When the STFT normalized spectrum of signal has two or more peaks, the signal is FSK, and peak number is equal to the signal frequency points; when there is only one peak, the signal is PSK. 
Algorithm Performance Analysis
In order to validate the effectiveness of the new algorithm, we did Monte-Carlo experiment 500 times in SNR for −6 db∼24 db, and drawn the recognition rate curve, as shown in Fig. 5 . From the curve, we can see when SNR is 0 db, the recognition rate of NLFM and LFM is above 90%, BFSK is close to 90%, and BPSK is close to 85%. In general, this new method can provide a higher recognition rate when SNR is larger than 0 db.
Flow-process Diagram
The flow-process diagram is shown as Fig. 6 . 
Conclusions
Parameter estimation is based on the recognition of radar signals modulation, so recognition algorithm is very important and necessary. Modern radar signal modulation methods are more and more diverse and complicated than before. This paper puts forward a new recognition algorithm based on RFRFT and STFT, and the simulation and flow-process diagram of signal recognition are also given. Compared with the old method, the new method reduces calculation and become more agile. This paper only gives several primary modulation signals, but for FSK, it can be further divided into BFSK, 4FSK and 8FSK. PSK is also. So how to further identify subtle features of these signals will be the next research direction for us.
